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NDAM, THE NETHERLANDS,
6-11 JUNE 1982

k Rick Field (experimenter?)
“Min Bias and the Underlying

Rick Field (theorist?) Events in Run 2 at CDF”
“Jet Formation in QCD”
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Many of you were
at Volendam!

VOLENDAM, THE NETHERLAND
6-11 JUNE 1982

Rick Field (experimenter?)
“Min Bias and the Underlying
Events in Run 2 at CDF”

Rick Field (theorist?)

“Jet Formation in QCD”
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Outline Of Tal]- Multiple Parton Interactions /outgoing Parton

® Discuss briefly the components of the
“underlying event” of a hard scattering
as described by the QCD parton-shower
Monte-Carlo Models.

Proton AntiProton

Upderlying Event

Charged Particle Jet

®» Review the CDF Run 1 analysis which was used
to tune the multiple parton interaction
parameters in PYTHIA (i.e. Tune A and Tune B).

Calorimeter Jet

% Study the “underlying event” in CDF Run 2 as
defined by the leading calorimeter jet and
compare with PYTHIA Tune A (with MPI) and L
HERWIG (without MPI).

JetClu R=0.7

ISMD2004 Rick Field - Florida/CDF Page 3
July 27, 2004



% What happens when a high energy

»

" al r al
Nne I°r HOCCSSEY .
C) “Min-Bias”

“Soft” Collision (no hard scattering) ~

proton and an antiproton collide? Proton — AntProton
Most of the time the proton and —
antiproton ooze through each other
and fall apart (i.e. no hard scattering). “Hard” Scattering
o . . . Outgoing Parton,
The outgoing particles continue in
roughly the same direction as initial
proton and antiproton. A “Min-Bias”  proton AntiProton
collision. Underlying Event ____—~4/A [\ nderlying Event
Occasionally there will be a “hard> —— [/ T B Initial State
A adiation
parton-parton collision resulting in large : Final-State
° * Radiation
transverse momentum outgoing partons. Outgoing Parton / W ’
Also a “Min-Bias” collision.
“Underlying Event”
The “underlying event” is everything AntiProt
. ntiProton
except the two outgoing hard scattered ,

. . . Beam-Beam Remnants =S -Beam Remnants
“jets”. It is an unavoidable background @ <4« _— T— TR D Initial.State
to many collider observables. Hadiadon

ISMD2004 Rick Field - Florida/CDF Page 4
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% What happens when a high energy

»

proton and an antiproton collide? ProtoRroto 4 ton

Most of the time the proton and
antiproton ooze through each other

and fall apart (i.e. no hard scattering). “
o . . . Outgoing Parton,
The outgoing particles continue in
o . . . . T h d

roughly the same direction as initial -~ Are |
proton and antiproton. A “Min-Bias”  proton these " AntiProton
COlllSlOﬂ. Underlying Event . the Nderlymg Event

ionally there will “hard” 9 I, Tnitial-Stat
Occasionally the ew be a : d | same? [T ks
parton-parton collision resulting in large No!
transverse momentum outgoing partons. Outgoing Pare :

Also a “Min-Bias” collision.

The “underlying event” is everything
except the two outgoing hard scattered PT———_
“jets”. It is an unavoidable background <« ___—— — TR InitialState

to many collider observables. “underlying event” has adintion
initial-state radiation!

AntiProton

Beam Remnants

ISMD2004 Rick Field - Florida/CDF Page 5
July 27, 2004




“Hard” Collision

.
.
----
.
.

Proton AntiProton

initial-state radiation

outgoing parton '~<
\ 4 final-state radiation

initial-state radiation

N\ 4
Py
.
“““
.
s
13

Beam-Beam Remnants

outgoing jet

’0
v 4 final-state radiation

®» The underlying event in a hard scattering process has a “hard” component (particles that
arise from initial & final-state radiation and from the outgoing hard scattered partons)
and a “soft?” component (“beam-beam remnants”).

Clearly? the “underlying event” in a hard scattering process should not look like a “Min-

Bias” event because of the “hard” component (i.e. initial & final-state radiation).

compo&ent of the “underlying event”.

“SoftP™Component
“..,_color string
< B V- —
............. SpE " Spdre these the same?
- Y >
color striggé'm_B bam Remnants
<

v .
®» The “beam-beam remnant” component is, howev

Hadron

However, perhaps “Min-Bias” collisions are a good model for the “beam-beam remnant”

“Min-Bias” Collision

Hadron

=color connected to the “hard”

component so this comparison is (at best) an approximation.

ISMD2004
July 27, 2004

Rick Field - Florida/CDF
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MultiiHe it Gnllistenaction 4ugsing parton 4

..... . 4
------- AntiProton

Proton . '
—> | — Y < >
H- ! | 44— .. + < > Or
initial-state radiation . 4‘ ---- é;j& 4 >

initial-state radiation

outgoing parton "" e - *, -
v final-state radiation outgoing Jetv & inarctate radiation Beam-Beam Remnants
% PYTHIA models the “soft” component of the underlying event T olorsring
with color string fragmentation, but in addition includes a “«— S >

contribution arising from multiple parton interactions (MPI) * =
in which one interaction is hard and the other is “semi-hard”. "4

% The probability that a hard scattering events also contains a semi-hard multiple parton
interaction can be varied but adjusting the cut-off for the MPI.

® One can also adjust whether the probability of a MPI depends on the P of the hard
scattering, P(hard) (constant cross section or varying with impact parameter).

®» One can adjust the color connections and flavor of the MPI (singlet or nearest neighbor,
q-gbar or glue-glue).

» Also, one can adjust how the probability of a MPI depends on P(hard) (single or double
Gaussian matter distribution).

ISMD2004 Rick Field - Florida/CDF Page 7
July 27, 2004
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Look at the charged
particle density in the

| i 0.5 GeV/cn| <1 VRSN | “transverse” region!
Jet #1 Direction

“Transverse” region is
very sensitive to the
“underlying event”!

“Toward-Side” Jet

Transverse

Region 1

“Toward”

“Toward”

2

“Trans 1” “Trans 2”

<

Toward Region

Transverse
Region 2

“Away-Side” Jet Away Region

q &€& 1
® Look at chargell particle correlations in the azimuthal angle A¢ relafive to the leading
calorimeter jet (JetClu R = 0.7, |n| <2).

B Define |A¢| < 60° as “Toward”, 60° <-A¢ < 120° and 60° < Ap < 120° as “Transverse 1” and
“Transverse 2”, and |[Ad| > 120° as “Away”. Each of the two “transverse” regions have
area AnA¢ = 2x60° = 471/6. The overall “transverse” region is the sum of the two

transverse regions (AnA¢ = 2x120° = 41/3).

ISMD2004 Rick Field - Florida/CDF Page 8
July 27, 2004



27

0

AnAd = 4n = 12.6

Y

3 charged particles

gy

-l‘n'

+1

3 GeV/c PTsum

Charged Particles
pr>05GeV/ien| <1

CDF Run 2 “Min-Bias”

/

CDF Run 2 “Min-Bias” AveraV o Average Density
Observable g per unit n-¢
Number of Charged Particles
Nchg (P> 0.5 GeV/e, In| < 1) 3.17 +/-0.31 | 0.252 +/- 0.025
PTsum Scalar p; sum of Charged Particles
2.97 +/-0.23 | 0.236 +/- 0.018
(GeV/e) (py>0.5GeVie,In| <1)

dNchg/dnd¢ = 3/4n = 0.24

\

i

Divide by 4

dPTsum/dnd¢ = 3/4n GeV/c = 0.24 GeV/c

® Study the charged particles (py > 0.5 GeV/e, In| <1) and form the charged

particle density, dNchg/dnd¢, and the charged scalar p, sum density,

dPTsum/ dn dd).

ISMD2004
July 27, 2004

Rick Field - Florida/CDF

Page 9




Multiple Parton Interactions /outgoing Parton

PT(hard . .
hard Pythia uses multiple parton
Proton e AntiProton interactions to enhance CH .
Q_‘l‘:"‘ Ve . Jlmmy: MPI
Underlying Event ‘?E"'\ ""\( Upderlying Event the llndel‘lyll’lg eVellt. J. M. Butterworth
J. R. Forshaw
et M. H. Seymour
Parameter, | Valfl Description Multiple parton
MSTP(81) Multiple-Parton Scattering off interaction more
likely in a hard
1 Multiple-Parton Scattering on (central) collision!

MSTP(82

Same parameter that
cuts-off the hard 2-to-2
parton cross sections!

T

1 Multiple interactions assuming the same probability, with
an abrupt cut-off P, min=PARP(81)
3 Multiple interactions assuming a varying impact

parameter and a hadronic matter overlap consistent with
a single Gaussian matter distribution, with a smooth turn-
off P ,=PARP(82)

Multiple interactions assuming a varying impact
parameter and a hadronic matter overlap consistent with
a double Gaussian matter distribution (governed by
PARP(83) and PARP(84)), with a smooth turn-off

10— PARP(82)

— 7

ISMD2004
July 27, 2004

Rick Field - Florida/CDF
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Multiple Parton Interaction

Colnr String
" ams®
lllll n a,
' Color Strl-n-g ““‘

Determine by comparing
with 630 GeV data!

Multiple Part{

L4
/)\7 /
Py

—

Hard- Scatterlng C

PYTHIA 6.206

A

(GeVic
w

=3
1=

100,000

f,OOO 10,000
CM Energy W (GeV)

Parameter | Default Description
PARP(83) 0.5 Double-Gaussian: Fraction of total hadronic
matter within PARP(84) w
PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadron\,
radius containing the fraction PARP(83) of the
total hadronic matter.
PARP(85) 0.33 Probability that the MPI produces two gluons
with color connections to the “nearest neighbors.
PARP(86) 0.66 Probability that the MPI produces two gluons
either as described bv PARP(85) or as a closed
Affects the amount of g fraction consists of
initial-state radiation!
PARP(89) 1 TeV ))’ /rﬁes the reference energy E,,. \
PARP(90) 0.16 /Aermines the energy dependence of the cut-off
Py, as follows Pry(E ) = Pro(E . /Eg)® with
& = PARP(90) ~
PARP(67) 1 1.0 A scale factor that determines the maximum
parton virtuality for space-like showers. The
larger the value of PARP(67) the more initial-
state radiation.
ISMD2004 Rick Field - Florida/CDF

July 27, 2004

Reference point

at 1.8 TeV Page 11




PYTHIA default parameters

probability
scattering

"Transverse" Charged Particle Density: dN/dndd

Parameter | 6.115 | 6.125 | 6.158 | 6.206 £ d(a;tgjl:c!:::ctt?d Pyth:\: :lepo(g z(;ijlfault) Run 1 Analysis
MSTP(SI) 1 1 1 1//Z é 0.75 | theory corrected E PARP(81) = 1.9 GeV/c %§ %

& T B
MSTP82) | 1 1 1 4 LT EEEHH M{ % FERTETS iﬂﬁﬁﬁhﬁ ﬁ
PARP81) | 14 | 19 | 1.9 | 1.9 |¢ - * ________
PARP@S2) | 155 | 21 | 21 | 19 |58°® L ——-— /f’ -

F 1.8 TeV |n|<1.0 PT>0.5 GeV
PARP(89) 1,000 | 1,000 | 1,000 0.00 - ! | | ; ; 1 | |

0 5 1 15 20 25 30 35 40 45 50

RN 016710 0-167 | 0-16 PT(charged jet#1) (GeVic)
PARP(67) | 4.0 4.0 1.0 1.0 |— —cTea3L/ | cTEQ4L CTEQSL ® CDF Min-Bias O CDF JET20

% Plot shows the/“Transverse” charged particle flens
the QCD hgrd scattering predictions of PYTHIA ¢

parameters fgr multiple parton interactions and

Note Change

PARP(67) = 4.0 (< 6.138)
PARP(67) = 1.0 (> 6.138)

ISMD2004
July 27, 2004

ity versus Py(chgjet#1) compared to
206 (Pp(hard) > 0) using the default
TEQ3L, CTEQ4L, and CTEQSL.

Default parameters give
very poor description of
the “underlying event”!

Rick Field - Florida/CDF

Page 12




Double Gaussian

"Transverse" Charged Particle Density: dN/dnd¢

1.00

{ PYTHIA 6.206 (Set A)
PARP(67)—4 :

CDF Preliminary Run 1 Analysis

data uncorrected
theory corrected

0.75 -

0.50 -

0.25 -

"Transverse" Charged Density

CTEQ5L

1.8 TeV [n|<1.0 PT>0.5 GeV

| PYT A 206 (Set B)
P(67)=1

40 45 50
PT(charged jet#1) (GeVic)
e “Transverse” charged particle density

PYTHIA 6.206 CTEQSL
Parameter | Tune B Tune A
MSTP(81) 1 1/
MSTP(82) 4 4
PARP82) | 1.9GeV | 2.0 GeV
PARP@S3) | 0.5 0.5
PARP(84) | 0.4 0.4
PARPS5) | 1.0 0.9
PARP86) | 1.0 0.95
PARP@89) | 1.8TeV | 1.8 TeV
PARP(90) | 0.25 0.25
PARP(67) | 1.0 4.0

7

New PYTHIA default
(less initial-state radiation)

July 27, 2004

//Plot shotvs
versug P (¢hgjet#1) compared to the QCD hard

Old PYTHIA default
(more initial-state radiation)

scaffering predictions of two tuned versions of
PXTHIA 6.206 (CTEQSL, Set B (PARP(67)=1) and
P(67)=4)).

Rick Field - Florida/CDF Page 13



‘"Transverse" Charged Particle Density: dNIdnd¢| "Transverse" Charged Particle Density

. 1.0E+00
CDF Preliminary PYTHIA 6.206 (Set A) | 1
data uncorrected PARP(67)=4

theory corrected

CDF Data
data uncorrected
theory corrected

1.0E-01 PT(chgjet#1) > 30 GeVi/c

0.50 - - -~ j PYTHIA 6.206 Set A

PARP(67)=4

1.0E-02

PYTHIA 6.206 (Set B)
CTEQS5L PARP(67)=1

"Transverse" Charged Density

slty dN/dnd¢dPT (1/GeV/c)

ar§ed De
5
m
S

1.8 TeV . .
8 TeV [n|<1.0 PT>0.5 GeV 1.0E-03
0.00 ‘ ‘ ‘ ‘ ‘ 1 1 ‘
0 5 10 15 20 25 t 35 40 45 50 _T_T
PT(charged jet#1) (§eVic)

/
Pr(charged jet#1) > 30 GeV/c / PT(chgjetit) > 5 GeVic PYTHIA 6.206 Set B

1.0E-05
1 PARP(67)=1
| 1.8 TeV n|<1 PT>0.5 GeV/c

PARP(67)=4.0 (old default) is favored 1.0E-06 * * * * * *

over PARP(67)=1.0 (new default)! °o 2z 4 & & M0 121
PT(charged) (GeVi/c)

® Compares the average “transverse” charge particle density (jn|<1, P;>0.5 GeV) versus
Pr(charged jet#1) and the Py distribution of the “transverse” density, dN,,,/dnd¢dP with
the QCD Monte-Carlo predictions of two tuned versions of PYTHIA 6.206 (P(hard)> 0,
CTEQSL, Set B (PARP(67)=1) and Set A (PARP(67)=4)).

ISMD2004 Rick Field - Florida/CDF Page 14
July 27, 2004



‘"Transverse“ Charged Particle Density: dNIdnd¢| "Transverse" Charged Particle Density

i PYTHIA 6.206 (Set A) i
PARP(67)=4 i

CDF Data

data uncorrected
PT(chgjet#1) > 30 GeV/c theory corrected

fffffff | : L !

Hear more about PARP(67) //‘ Y r

o5 15%:%\ in Lee Sawyer’s talk Q“ H ﬁ

P on Wednesday!

PYTHIA 6.206 Set A
PARP(67)=4

"Transverse" Charged Density
o
[
o
T
|
|
|
|

P,(cha

PARP(67)=4.0 (old def:
over PARP(67)=1.0 ﬂf‘;\

Lg

k1) >50ay/c | PYTHIA 6.206 Set B

PARP(67)=1

o6 Wwe distinguish between|.
qu and PARP(67)=42 | 1
\NETobevdeRiEh L)
® Compares the average “transverse” cl fge particle density (jn|<1, P;>0.5 GeV) versus
Py(charged jet#1) and the Py distribut|on of the “transverse” density, dN,,/dnd¢dP with
the QCD Monte-Carlo predictions of two tuned versions of PYTHIA 6.206 (P(hard)> 0,
CTEQSL, Set B (PARP(67)=1) and Set A (PARP(67)=4)).

ISMD2004 Rick Field - Florida/CDF Page 15
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‘"Transverse" Charged Particle Density: dNIdnd¢|

e
N
a
"

"Transverse" Charged Density
=)
o
o

“Min-Bias”

theory corrected

CDF Run 1

data uncorrected

PYTHIA 6.206 Set A

Describes the rise
from “Min-Bias” to

Charged Particle Density

“underlying event”!

20 25 30

35 40

PT(charged jet#1) (GeVic)

1.0E-01 |

1.0E-02 1

N/dnd¢dPT (1/GeVic)

1.0E-03 |

[charged Particle Density: dN/dnds)

T [—Pythia 6.206 Set A
= CDF Min-Bias 1.8 TeV

1.8 TeVall PT

-4 -3 -2 -1 0 1

Pseudo-Rapidity n

2 3

4

Charged Densit

1.0E-04 |

7 1.8 TeV [n|<1 PT>0.5 GeVic

1.0E-05

PYTHIA 6.206 Set A

CDF Run 1
data uncorrected
theory corrected

"Transverse"
PT(chgjet#1) > 5 GeVic

"Transverse"
PT(chgjet#1) > 30 GeV/c

CDF Min-Bias

CTEQ5L

T T T T T L]

2 4 6 8 10 12
PT(charged) (GeVic)

14

® Compares the average “transverse” charge particle density (jn|<1, P;>0.5 GeV) versus
P (charged jet#1) and the P distribution of the “transverse” and “Min-Bias” densities with

the QCD Monte-Carlo predictions of a tuned version of PYTHIA 6.206 (Py(hard) >0,
CTEQSL, Set A). Describes “Min-Bias” collisions! Describes the “underlying event”!
Rick Field - Florida/CDF

ISMD2004
July 27, 2004
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‘"Transverse" Charged Particle Density: dNIdnd¢|

Describes the rise
from “Min-Bias” to

"Transverse" Charged Density
=)
o
o

Charged Particle Density

CDF Run 1 “underlying event”!
data uncorrected PYTHIA 6.206 Set A
| theory corrected ]
1 Lt ET T% t 1] E‘ 1.0E-01
it T | |3
i\l :
=
— — — — ‘-— — T O S S S . . - n-
2 1.0E-02
T
<1.0 PT>0.5 GeVic S
4

45 50

“Min-Bias”

5 10 15 20 25 35 40
PT(charged jet#1) (BeVic)

Set A P (charged jet#1) > 30 GeV/c
“Transverse” <dN

.0E-04

/dndd> = 0.60

chg

Set A Min-Bias
<dN_,,/dnd¢> = 0.24

chg

® Compares the average “transverse” charge particle density (jn|<1, P;>0.5 GeV) versus

1.0E-05

A\

PYTHIA 6.206 Set A

"Transverse"
PT(chgjet#1) > 5 GeVic

CDF Run1

data uncorrected
theory corrected

CDF Min-Bias

CTEQSL
1 1.8 TeV |n|<

1 PT>0.5 GeVic

"Transverse"
PT(chgjet#1) > 30 GeV/c

0

2

4 6 8 10
PT(charged) (GeVic)

14

P (charged jet#1) and the P distribution of the “transverse” and “Min-Bias” densities with

the QCD Monte-Carlo predictions of a tuned version of PYTHIA 6.206 (Py(hard) >0,
CTEQSL, Set A). Describes “Min-Bias” collisions! Describes the “underlying event”!

ISMD2004
July 27, 2004

Rick Field - Florida/CDF
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Log Scale! Charged Particle Density: dN/dnd¢

™~ CDF Preliminary 30< ET(jgt#1) <70 GeV
> data uncorrected
g (1 K2
8 "Transverse" II II
2 Region
)
"g 1.0 + o 1I II
o S ] N IIIIIII IIIIII
gz B LI 110y s
Jet #3 . P © ]
<« <

Cc

=
[ &=

4.-&
—t

(Inl<1.0, PT>0.5 GeVic)

/ Charged Particles
‘a‘ﬁm’sm” Jet 0.1 T } } } T T T T
I A 0 30 60 90 120 150 180 210 240 270 300 330 360

Min-Bias Ab (degrees) Leading Jet
0.25 per unit n-¢

% Shows the Ap dependence of the charged particle density, dNchg/dndo, for charged
particles in the range p; > 0.5 GeV/c and |n| <1 relative to jet#1 (rotated to 270°) for
“leading jet” events 30 < E(jet#1) <70 GeV.

® Also shows charged particle density, dNchg/dnd¢, for charged particles in the range p; >
0.5 GeV/c and [n| <1 for “min-bias” collisions.

ISMD2004 Rick Field - Florida/CDF Page 18
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Refer to this as a
“Leading Jet” event

Charged Particle Density: dN/dnd¢

N\
“Toward”

10.0
1CDF Preliminary | = Back-to-Back 30 < ET(jet#1) <70 GeV
\ data uncorrected ¢ Leading Jet T3
“Transverse “Transverse vlé : = Min-Bias i I
3 "Transverse" LI
P _ £
Refer to this as a T 10 . 18 N ¥ . .
“Back-to-Back” event [t #1 Direction s ] 1ikta T 3
s e
© 1
o 1
“Toward” -?Ki. T I]
- Jet#1 -
/ ) Charged Particles
“Transverse” “Transverse” (|n|<10’ PT>0.5 GeV[c)
0.1 1 1 1 1 1 1 1 1 \ 1 1

0 30 60 90 120 150 180 210 240 270 300 330 360
Ad (degrees)

Jet #2 Direction

®» Look at the “transverse” region as defined by the leading jet (JetClu R = 0.7, |n| <2) or
by the leading two jets (JetClu R = 0.7, [n| < 2). “Back-to-Back” events are selected to
have at least two jets with Jet#1 and Jet#2 nearly “back-to-back” (A¢,, > 150°) with
almost equal transverse energies (E(jet#2)/E (jet#1) > 0.8).

% Shows the Ap dependence of the charged particle density, dNeng/dndo, for charged
particles in the range p, > 0.5 GeV/c and |n| <1 relative to jet#1 (rotated to 270°) for 30
<E;(jet#1) <70 GeV for “Leading Jet” and “Back-to-Back” events.

ISMD2004 Rick Field - Florida/CDF Page 19
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“Toward”

“Transverse” “Transverse”

“Back-to-Back”

Jet #1 Direction

“Toward”

"AVE Transverse" PTsum Density: dPT/dnd¢

“Transverse” “Transverse”

Jet #2 Direction

Qg , CDF Preliminary inary Leading Jet| B }
3 v data uncorrected s\
=10 | theory + CDFSIM p “!!“ """"
: szt
o B I _ T\ ____________
£ 0.8 If 2
: it s 13
£ os - Ll R O rsns st s tst M0t
B 0.4 ¥ > e
@ 7 A > fegpmeranerannranns
02— HW el A
3 7.90 Charged Particles 1.0, PT>0.5 GeV/c)

o-o Il Il Il Il

0

50 100 0 200 250
ET(jet#1) (Ge

Min-Bias
0.24 GeV/c per unit n-¢

% Shows the average charged PTsum density, dPTsum/dnd¢, in the “transverse” region (p
> 0.5 GeV/e, [In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

® Compares the (uncorrected) data with PYTHIA Tune A and HERWIG after CDFSIM.

ISMD2004
July 27, 2004

Rick Field - Florida/CDF
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“TransMAX”

“Back-to-Back”

® Use the leading jet to defi
event basis with MAX

“TransMAX”

S

Jet #1 Direction

“TransMIN”

Jet #2 Direction

“TransMIN”

"MIN Transverse" PTsum Density: dPT/dnd¢

CDF Run 2 Preliminary

data uncorrected
theory + CDFSIM

e
H
!

o
N
I
T

1.96 TeV

"Transverse" PTsum Density (GeV/c)

g\.

L
Back-to-Back %
Charged Particles (|n|<1.0, PT>0.5 GeV/c)

0 50

“transMIN” is very sensitive to the

100 150

ET(jet#1) (GeV)

200 250

“beam-beam remnant” component
of the “underlying event”!

AX and MIN “transverse” regions on an event-by-
having the largest (smallest) charged particle density.

% Shows the “transMIN” charge particle density, dNcg/dnd¢, for p; > 0.5 GeV/e, || <1
versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

ISMD2004
July 27, 2004

Rick Field - Florida/CDF
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“Toward”

“Transverse” “Transverse”

“Back-to-Back”
Jet #1 Direction

“Toward”

“Transverse” “Transverse”

4 Y TS

1.2

e

Now look in detail at “back-to-back” events in
the region 30 < E (jet#1) <70 GeV!

CDF Preliminary
| data uncorrected N
theory + CDFSIM

Charged Particles (|n|<1.0, PT>0.5 GeV/c)
| |
T T

100 150
ET(jet#1) (GeV)

200 250

% Shows the average charged PTsum density, dPTsum/dnd, in the “transverse” region Py
> 0.5 GeV/e, [In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

® Compares the (uncorrected) data with PYTHIA Tune A and HERWIG after CDFSIM.

ISMD2004
July 27, 2004
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HERWIG (without multiple parton
interactions) does not produces
enough PTsum in the “transverse”

A (degrees)

- region for 30 < E_(jet#1) <70 GeV!
‘Charged PTsum Density: dPT/dnd¢ ‘Charged I 8 T(‘l )
100.0 100.0 5 g
— 3 | o Back-to-Back Charged Particles : — 1 | o Back-to-Back Charged .
° ] 30 < ET(jet#1) < 70 GeV ack-to < ET(jet#1) <70 GeV
s 1 |« PY Tune A (Inl<1.0, PT>0.5 GeVic) G ) ‘;" « HERWIG (Inl<1.0, PT. G )
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g 1 CDF Preliminary “Transverse” Jet# g Joscere CDF Preliminary 2000000 %0000 Jotit] *%eeee,®,
£ | data uncorrected Region £ data uncorrected
© theory + CDFSIM © theory + CDFSIM
0.1 : : : : : : : : : : 1 0.1 : : 1 1 1 1 1 1 ‘ | |
0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360

A (degrees)

Data - Theory: Charged PTsum Density dPT/dnd¢|

Data - Theory: Charged PTsum Density dPT/dnd¢

2 2
CDF Preliminary Back-to-Back CDF Preliminary 30 < ET(iet#1) <70 GeV
data uncorrected 30 <ET(jet#1) <70 GeV data uncorrected Back-to-Back
T 11 theory+cDFsiM | PYTHIATuneA || T 41 theory+CDFSIM HERWIG
3 3
e e {
X s | [ 1 s 5 e
9 s 0 T T
g 8 lT Tl HLH
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= - -
s s f
a 8Vt HgE e "Transverse” ~ 7o
Charged Particl Region Jeti Charged Particle: Region Jet#1
(Inl<1.0, PT>0.5 GeMfc) 1 (In<1.0, PT>0.5 GeV/c) 1
2 1 | 1 1 1 1 1 1 , 1 1 2 | 1 ‘ 1 1 1 1 1 ! | |
0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360
A¢ (degrees) A¢ (degrees)
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HERWIG (without multiple parton
interactions) does not produces

enough PTsum in the “transverse”
region for 30 < E (jet#1) <70 GeV!

100.0
o) 1 | = Back-to-Back \V]
% 7 |*PYTune A
e
2 10,0
@ B »
S =
[
a T
L3
E ¥
2 i
o 104+ —F - "~~~ - —————~
B 3
Q
g CDF Preli
£ data uncorrec
© theory + CDFSIM
0.1 } f

0 30 60 90

Hear more about the
distribution of charged particles

"™\, within jets in Sasha Pronko’s tal

on Thursday!

Charged
(In]<1.0, PT:

—_ DssitydPTidndg

< ET(jet#1) < 70 GeV

150 180 210 240 270 300 330 360

egrees)

2
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Charged Particl arged Particle Region Jet#1
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‘Data - Theory: Charged PTsum Density dPT/dnd¢ ‘Data - Theory: Charged PTsum Density dPT/dnd¢
2 2
CDF Preliminary Bao:k-to-Back CDF Preliminary 30 <ET(jet#1) <70 GeV
data uncorrected 30 < ET(jet#1) <70 GeV data uncorrected Back-to-Back
T 11 theory+coFsm | PYTHIATuneA || | T 1 theory+CDFSIM | HERWIG 11 7777777777
3 3
Qe e {
. S T T | —
9 0 - 9 0 T, T H H
2 z |
f f |
- L i i "Transverse” ~ T T T T 777 a1 "Transverse"
Charged Particl Region Jet#1 d Particles Region Jet#1
(Inl<1.0, PT>0.5 GeMrc) 1.0, PT>0.5 Ge!
-2 | | | | | | | 1 / | | | | 1 1 1 ! | |
0 30 60 90 120 150 180 210 240 270 300 330 0 30 60 90 120 150 180 210 240 270 300 330 360
A¢ (degrees) A¢ (degrees)
X ‘Data - Theory: Charged PTsum Density dPT/dnd¢
308 MeV in dPT/dnd¢ + 0.2 GeVic 2 30 < ET(jet#1) < 70 GeV
= | R
1845 L5 GG CDdlztaF:ll;\?:!JIr?:clt:dary Back-to-Back
= theory+CcDFsiM __ HERWIG +0.2GeV/ic =
\
e
. 2
®» Add 0.2 GeV/c per unit -6 to HERWIG |§ °
. [=
scalar PTsum density, dPTsum/dnd¢. P
S Transverse
Charged Particles Region Jet#1
. (Inl<1.0, PT>0.5 GeV/c)
® This corresponds to 0.2 x 47 = 2.5 GeV/c S meFveseeds 0t
in the entire range pT > 0.5 GeV/c, |,n| < 1. 0 30 60 90 120 150 180 210 240 270 300 330 360
A¢ (degrees)
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“Leading Jet”

"Transverse" Charged PTmax

3.0
“Toward” ..
CDF Run 2 Preliminary 1.96 TeV
rreamiae 2.5 data uncorrected - J
PTmaxT 20 T T LY}
)

-
a
I

saastt

#1 i 1 I E
Jet #1 Direction Igngﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁiiiiiﬁﬁﬁﬁgﬁﬁﬁﬁii §§§E§§§

“Back-to-Back”

1

"Transverse" PTmax (GeV/c

“Toward” 05 1+ Min-Bias
“TransMAX” “TransMIN” ﬁ
1 Y 0 50 100 150 200 250
ET(jet#1) (GeV)
Jet #2 Direction Min-Bias

® Use the leading jet to define the “transverse” region and look at the maximum p
charged particle in the “transverse” region, PTmaxT.

® Shows the average PTmaxT, in the “transverse” region (p; > 0.5 GeV/c, [n| < 1) versus
E;(jet#1) for “Leading Jet” and “Back-to-Back” events compared with the average
maximum py particle, PTmax, in “min-bias” collisions (py > 0.5 GeV/c, |n| <1).
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b
Highest p.
charged particle!

Correlations in ¢

o | L
“Associated” densities do

Charged Particle Density

not include PTmax!

Charged Particle Density: dN/dndEIi| /

0.5 A
CDF Preliminary
04 - data uncorrected Associated Déﬁsity
PTmax not included

0.3
0.2 - E
01 +

P PThax Charged Particles

Min-Bias f nl<1.0, PT>0.5 GeVic)
0.0 1 1 1 1 ‘ i 1 1 1 1 1
0 30 60 90 120 180 210 240§ 270 300 330 360

Ad (degrees)

® Use the maximum p, charged particle in the event, PTmax, to defing a direction and
look at the the “associated” density, dNchg/dnd¢.

% Shows the data on the Ad dependence of the “associated” charged p

ticle density,

dNchg/dnd¢, for charged particles (py > 0.5 GeV/e, |n| <1, not includipg PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events. Also shown is the verage charged
particle density, dNchg/dnd¢, for “min-bias” events.
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Rapid rise in the particle
density in the “transverse”
 region as PTmax increases!

= PTmax > 2.0 GeV/c
; o PTmax > 1.0 GeV/c
0.8 +/, PTmax > 0.5 GeV/c

liminary
,,,,,,,,,,,,,,,,,,,,,, d ncorrected  _

PTmax not included

°
=)

30 60 90 120 150 180 210 240 270 300 330 360
A (degrees)

o

Ave Min-Bias
0.25 per unit n-¢

% Shows the dat& on the A dependence of the “associated” charged particle density,
dNchg/dnd¢, for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

% Shows “jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).
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Rapid rise in the particle
density in the “transverse”
 region as PTmax increases!

Associated Particle Density: dNIdnd¢/ /
PTmax Direction 1.0 '
= PTmax > 2.0 GeV/c cD Iiminary
2 o PTmax > 1.0 GeV/c
2 0.8 ¢ PTmax > 0.5 GeV/c|  _#& ~~~ d ncorrected -
8 Transverse I Trany Arse
“Toward” K Region I Regfon
T i t Tttt
T
“Transverse” “Transverse” % 0.4 7} 7 }MI{ 7 777777 E 777777 E }I}: E{IEE}I 777777 I 7 W 777777 7 E
2 o o P | R Y
% PTmax not included Min-Bias
0.0 | | | | | | | |
0 30 60 90 120 150 180 210 240 270 300 330 360
A (degrees)
Ave Min-Bias

0.25 per unit n-¢

% Shows the data on the Ad dependence of the “associated” charged particle density,
dNchg/dnd¢, for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

% Shows “jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).
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Maximum p, particle in
the “transverse” region! Jet #1 Direction

PTmaxT
Direction

“Associated” densities do
not include PTmaxT!

“Toward”

~X

PTmaxT Jet#l
Direction Region

“TransMAX” “TransMIN”

PTmaxT
Jet #2 Direction

® Use the leading jet in “back-to-back” events to define the “transverse” region and look
at the maximum p, charged particle in the “transverse” region, PTmaxT.

®» Look at the A¢ dependence of the “associated” charged particle and PTsum densities,
dNehg/dnd¢ and dPTsum/dnd¢ for charged particles (py > 0.5 GeV/e, |n| <1, not including
PTmaxT) relative to PTmaxT.

®» Rotate so that PTmaxT is at the center of the plot (i.e. 180°).
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“Associated” densities do
not include PTmaxT!

CDF Preliminary Charged Pjrticles Back-to-Back
2 data uncorrected (Inl<1.0, PT>@5 GeVic) 30 < ET(jet#1) < 70 GeV
2 PTmaxT not #hcluded
a
°
2
s 1.0
o X
« i _%/V o Region
» R = PTmaxT > 2.0 GeV/c
< | | o PTmaxT > 1.0 GeVic
/ « PTmaxT > 0.5 GeVic
0-1 } } } } } | | T T T T T 1
0 30 60 90 120 150 180 210 240 270 300 330 360
Log Scale! A¢ (degrees)

% Look at the A¢ dependence of the “associated” charged particle density, dNchg/dnd¢ for
charged particles (py > 0.5 GeV/e, n| <1, not including PTmaxT) relative to PTmaxT
(rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT > 2.0
GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

® Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).

ISMD2004 Rick Field - Florida/CDF Page 31
July 27, 2004



“Associated” densities do
not include PTmaxT!

10.
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(Inl<1.0, PT>0.5 GeVic)
PTmaxT not included

= PTmaxT > 2.0 GeV/c

o PTmaxT > 1.0 GeV/c PTihaxT "Jetil"

e PTmaxT > 0.5 GeV/c

....... o,
30 < ET(jet#1) < 70 GeV g,

Y'Ts

Region

&socia
o

—

90 120 150 180 210 240 270 300 330 360
Log Scale! A (degrees)

o 4
w
o
[=2]
o

% Look at the Ap deplendence of the “associated” charged particle density, dPTsum/dnd¢
for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmaxT) relative to
PTmaxT (rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT
> 2.0 GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

® Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).
J g J
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“Birth” of jet#3 in the
“transverse” region!

“Back-to-Back”
“Associated” Density

\ As_ \ed Particle Density: dN/dnd}
10.0 - \
1 Chaigsd Panigles 30 < ET(jet#1) < 70 GeV

L6, P05 Galis)

4| = PTmaxT > 2.0 GeV/c
e PTmax > 2.0 GeV/c

Region . Region
“Min-Bias”

1.0 1
“Associated” Density | PTmax Direction ]

sociated Particle Densi

—H
2

N

| Min-Bias

8

0
.

o

CDF Preliminary/

data uncorrected

P
/ PEmAstT PR mRBR ieldagy ?

0.1 I I 1 I I ¥ I 1 1 I

e 0 30 60 90 120 150 180 210 i \1K300 330 360

Log Scale! Ad (degrees)

Correlations in ¢

. . .| “Birth” of jet#1 in
% Shows the Ap dependence of the “associated” charged particle densi “min-bias” collisions!

pr > 0.5 GeV/e, In| <1 (not including PTmaxT) relative to PTmaxT (fovereo—~oroogron

PTmaxT > 2.0 GeV/c, for “back-to-back” events with 30 < E(jet#1) <70 GeV.

% Shows the data on the A¢ dependence of the “associated” charged particle density,
dNchg/dnd¢, pyr > 0.5 GeV/e, In| <1 (not including PTmax) relative to PTmax (rotated to
180°) for “min-bias” events with PTmax > 2.0 GeV/c.
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“Back-to-Back”
“Associated” Density

“Min-Bias”

“Associated” Density

PTmax Direction

N

% Shows the Ap dependence of the “associated” charged particle densi
pr > 0.5 GeV/e, In| <1 (not including PTmaxT) relative to PTmaxT (

8

0
.

o

Correlations in ¢

“transverse” region!

A

Ned PTsum Density: dPT/dndo

(G/Ic)

Region . Region

iated PTsum Density
>

|

L = PTmaxT > 2.0 GeV/c
1| * PTmax > 2.0 GeV/c

Charged Particles
n|<1.0, PT>0.5 GeV/c)

| 30 < ET(jet#1) < 70 GeV |
[
z

PTmaxT, PTmax not included

CDF Preliminary

data uncorrected

o

.

o

Log Scale!

60

é \Qoo 330 360

Ad (degrees)

“Birth” of jet#1 in

“min-bias” collisions!

UTHTETE TU XOUU j KUK

PTmaxT > 2.0 GeV/c, for “back-to-back” events with 30 < E(jet#1) <70 GeV.

% Shows the data on the A¢ dependence of the “associated” charged particle density,
dNchg/dnd¢, pyr > 0.5 GeV/e, In| <1 (not including PTmax) relative to PTmax (rotated to

180°) for “min-bias” events with PTmax > 2.0 GeV/c.
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QCD Four Jet Topology charged Particle Density: dN/dndé

e w30 < ET(jet#1) < 70 GeV
Jet#l
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Polar Plot (Inl<1.0, PT>0.5 GeVic)

® Shows the Ad dependence of the “associated” charged particle density, dNchg/dnd¢, p > 0.5
GeV/e, In| <1, PTmaxT > 2.0 GeV/c (not including PTmaxT) relative to PTmaxT (rotated to

180°) and the charged particle density, dNchg/dndo, py > 0.5 GeV/e, |n| <1, relative to jet#1

(rotated to 270°) for “back-to-back events” with 30 < E(jet#1) <70 GeV.
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QCD Four Jet Topology chargeg Particle Density: dN/dndo

W L 30 < ET(jet#1) <70 GeV
" * % Te . T+ Back-to-Back

CDF Preliminary

data uncorrected e ® . .
Jet #1 322// K e S
w, i : ~ N
:Hu// ///' M N \\54
Jus/ 7 N \ﬁs
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: 20 / // , o RANTIE \ 70

Jet #3y . Jet #4 Yy | v
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Jet #2 -\ J e
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Charged Particles b PN - Ne oo a\._ " PTmatx:I' >| 2 dGch
olar Plot (ml<1.0, PT>0.5GeVIic)  ~ = - v ® :L» (not included)

% Shows the Ad dependence of the “associated” charged particle density, dNchg/dnd¢, py > 0.5
GeV/e, In| <1, PTmaxT > 2.0 GeV/c (not including PTmaxT) relative to PTmaxT (rotated to
180°) and the charged particle density, dNchg/dndo, py > 0.5 GeV/e, |n| <1, relative to jet#1
(rotated to 270°) for “back-to-back events” with 30 < E(jet#1) <70 GeV.
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QCD 2-to-4 Scattering

Final-State‘-

Radiation Outgoing Parton
:‘. PT(hard)
>
Proton | /w;‘z\ AntiProton
Underlying Exglt __._...

Underlying Event

“"""evau g Initial-State
. Radiation
“‘ Final-State
"‘Radiation
Outgoing Parton ‘\‘ ;
1 :
180°) and the charged particle density, dNchg/dndo, py > 0.5 GeV/e, |n| <1, relative to jet#1
(rotated to 270°) for “back-to-back events” with 30 < E(jet#1) <70 GeV.
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Multiple Parton Interactions
Outgoing Parton

Outgoing Parton PT(hard)

—>
Proton AntiProton
Underlying Event Underlying Event
<4
Outgoing Parton Outgoing Parton

~

4

180°) and the charged particle density, dNchg/dndo, py > 0.5 GeV/e, |n| <1, relative to jet#1
(rotated to 270°) for “back-to-back events” with 30 < E(jet#1) <70 GeV.
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HERWIG (without multiple parton
interactions) too few “associated”
particles in the direction of PTmaxT!

‘Associated Particle Density: dN/dnd¢ Associated Particle f/dnd(j)l
10.0 - 10.0
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HERWIG (without multiple parton
interactions) does not produce
enough “associated” PTsum in the

direction of PTmaxT!

sociated PTsum Density: dPT/dnd¢
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PYTHIA and HERWIG produce
slightly too many “associated”
particles in the direction of PTmaxT!
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PYTHIA and HERWIG produce
slightly too much “associated”
PTsum in the direction of PTmaxT!
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Jet #1 Direction

“Leading Jet” “Back-to-Back”

“Toward”
“Toward”

“Trans 1” “Trans 2”
“Trans 1” “Trans 2”

Jet #2 Direction

®» There are some interesting correlations between the “transverse 1” and
“transverse 2” regions both for “Leading-Jet” and “Back-to-Back” events!

®» PYTHIA Tune A (with multiple parton scattering) does a much better job in

describing these correlations than does HERWIG (without multiple parton
scattering).

Question: Is this a probe of
multiple parton interactions?
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Jet #1 Direction

“Back-to-Back”

“Toward”
“Toward”

“Transverse” “Transverse”

“Transverse” “Transverse”

Jet #2 Direction

» “Back-to-Back” events have less “hard scattering” (initial and final state
radiation) component in the “transverse” region which allows for a closer look
at the “beam-beam remnant” and multiple parton scattering component of the
“underlying” event.

®» PYTHIA Tune A (with multiple parton scattering) does a much better job in
describing the “back-to-back” events than does HERWIG (without multiple
parton scattering).
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e =

Max p; in the

“Associated” densities do PTmaxT PTmax Direction
“transverse” region!

o'
o
o

not include PTmaxT!
“Toward” R ‘
Jet#2 A Jet#l
Region Region

PTmaxT ‘\
®» The “associated” densities show strong correlations (i.e. jet structure) in the
“transverse” region both for “Leading Jet” and “Back-to-Back” events.

Correlations in ¢

Jet #2 Direction

®» The “birth” of the 1% jet in “min-bias” collisions looks very similar to the

“birth” of the 34 jet in the “transverse” region of hard scattering “Back-to-
Back” events.

Question: Is the topology
3 jetor 4 jet?
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“transverse” region!

e

Max py in the Jet #1 Direction “Associated” densities do maxT PTmax Direction

not include PTmaxT!

Next Step

Look at the jet topologies
(2 jet vs 3 jet vs 4 jet etc).
See if there is an excess of o<t structure) in the
4 jet events due to multiple Sack” events.
parton interactions!

PTmaxT

Correlations in ¢

®» The “associate
“transverse” regio

®» The “birth” of
“birth” of t
Back” events.

S VEr ar to the
| scattering “Back-to-

Question: Is the ogy
3jetor4j
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